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TEMPERATURE EFFECTS ON OXYGE!I CONSUtlPTION BY
HELISO?.%FROM A REACTOR COOLING RESERL’OIR*

by

L. J. Tiny and G. B. Johnson

Savannah River Laboratory
E. I. du Pent de Nemours & Co.
Ajken, SC 29801

ABSTRACT

Ox}’gen consumption by tlrospecies of Pelisoma distributed dif-

ferentially in a reactor cooling reservoir has been measured at

field temperatures and at 5, 10, and 15C’Cabove field temperatures.

H. trivoZvis from Ifarm Station and Cold Station areas sho~,reda

significant seasonal response at field ternperatu~es but showed re-

duction of dependence of oxygen consumption on temperature at the

elevated temperatures. H. anceps, cold species, exhibited a signi-

ficantly stronger response to seasonal ~;ariations at field tempera-

tures than R. tr<volvis.

* The info~mation contained in this art~Lcle ~ras de~’eloped during t?lc
course of ~uorkunder Contract No. {\T(07-2)-l ~~’iththe U.S. Depl]:t-

ment of Energy.



INTRODUCTIO;l

The littoral zone plays a ~lajor role in the productivit}- of

temperate Ia!<cs (Bro~~Tland Austin 1973, \ietZel 1975). Energy flo~(

through a lake systcm depends heakril>-upon the function of the

littoral ZOile organisms. Sedentary organisms of this zone are most

likely to be exposed to thermal discharges ~thichmay float on ambient

temperature ;vaters a~ld dofiiii~~~ the shallow- edge zones receiv-ing the

discharges.

Temperature elevation associated ~$iththermal effluents is ex-

pected to result in altered met:~bolism, especially in ectotherrns

(lViescr 1975, Presser 1976). F)attcrns of metabolic response range

from near-perfect acclimation, res~lltin: in tenl~lerature–iIldepe13Jc\l~t

metabolism, to virtually no acclimation res[lltin~ in temperaturc-

dependent metabolism (Precht, et al. 1!173). The response pattern

~rhich ~till occur in a particular organi.sI1lis not generally predicta-

ble. Since response patterns have been defined primarily from

laboratory observations using constant temperatures, applicability of

the patterns to field situations is

This paper reports the results

dubious.

of measurements of oxygen consump-

tion of orb snails (He2isoma) from a reactor-cooling lake. The

measurements ~Jeremade at fielcltemperatures and at temperatures ahole

field temperatures for field-acclimatized snails. Objectives ~tfcrcto

determine the extent to ~,rhichthe metabolic requirements of these

organisms might be altered by life at the sli~htly higher habitat

temperatures ~]roduced by the thermal effluent and to determine ~rhether



the response Gf these animals to acute teml)erature

in relatioil to their acclimatization history. For

erature station ~;esought to compare the responses

Heliso:nali~’ing in the lake.

The Experimental Organisms

elel:ation differed

the ambient temp--

of tl~’ospecies of

T\,rospecies of orb snail ~{ere collected from Par Pond, a reactor-

cooling reservoir in South Carolina. A systematic sampling of

littoral areas (Figure 1] revealed that H. trivolvis is copiously dis-

tributed throughout the reservoir incl~]ding the region subjected to

temperatures above ambient. H. anczps is as abundant as H. trivolv<s

in ambient-temperature ~~aterbut is virtually absent from the heated

Itiater.

The geographic distribution of H. (znceps~~idely overlaps that of

H. t?ivolvis, lihich is one of the

};ater pulmonates in hTorth America

van clerSchalie and Berry 1973).

in the same lake. Temperature is

factors determining the ~rorlcl~~ide

1906) and the distribution ~~ithin

most 1,~’idelydistributed of fresh-

(Pennak 1953, lVard and {Vhipple 1959,

The tlio species are frec{uently foun~i

thought to be among the chief

distribution of pulmonates (lValter

a single habitat (Kirkland 1900,

Hunter 1953, Boray 1964). The local pattern of distribution in Par

Pond appears to be consistent ~~ith the ]:eport that H. anceps has lo,{er

temperature optima for gro~~th,

k~~~~(~~~>i~ (van der Schalie and

difference bet~;een temperature

reproduction, and survivorship than E.

Berry 1973). Ho~~ever, because the

optima fc]rthe t~~’ospecies is small aIIII



because the temperature of both ambient (Cold Station) aildtreated

(~;armStation) i,aterare ~tithin the tolerance ranges of both species,

more subtle factors (e.g. competition and metabolic effects) must be

operating to exclude H. aneeps from the ~iarmer areas of Par Pond.

Study Site

Par Pond ~iasconstructed in 1958 tclprovide coolinR Iiatcr for

the heat exchangers of t]t’onuciear-production reactors. Currently,

the reservoir serves only one of these reactors. Savann~h River ~iater

is added to the effluent from the reac:or (to compensate for eva~}ora-

tive losses from Par Pond). A thermal gradient is cre:lteci~;here the

pond-river ~~atermixture enters the middle arm [I;igure 1) of Par POI]Li.

The temperatures of the rest of the reservoir are comparable to those

of other southeastern coastal plain lakes (Till> 1973) . Periods of

stratification are from April to October. The reservoir receives

natural inflo~tifrom a parent creek at its extreme northern tip and

from local drainage and seepage. Additional limnological features

and nutrient and primary productivity c,ycles have been reported by

~larshall and LeRoy (1971), Nlarshall and Tiny (1971), Tiny (1973),

Lc\{is (1974), and Grace and Tiny (1976).

T~voprincipal sampling+ stations ~~rereestablished: one located

near the discharge and one in ambient temperature ~~aters (Figure 1).

The \,’armerstation had an annual temperature range of 13 to 36°C 1~’ith

an avera~e of 24 tl°C.+ The diurnal temperat(ire fluctuation ~ias

* Here and else~~rherein this paper, the t s}-mbol indicates one

standard error.



approximately 3.O°C in the summer and 2.4°C in the I/inter. The

annual temperature range of the colder station ~;as 11 to .51°C~$itbaTI

average of 21 tl°C. ‘[’hediurnal fluctuation ~,asapproximately 1.5°C

in the sumii~er and 1.4°C in the }~’inter. The average tempe~ature dif-

ference bet~~een the t~~ostations ~vasabout 5.7°C during the summer and

2.5°C during the ~vinter.

METHODS

From February 1973 through July 197L1,Helisoroaspecimens from a

\!arm Station and a Cold Station in the”’littoral zone of Par Pond ~verc

routinely collected for oxygen consumption measurc]ilents. Due to the

patchy distribution of snails in the ~i’a:lingzone (up to approxim:ltcl>-

onc meter depth) and time restrictions, randomized sampling ;~asund~-

sirablc for Youtine purposes. Preliminary expe~irnents sholred tba.ttile

variance associated ~{ith the mean OZ consumption of snails collected

arbitu:lrily ;\’asnot different from that of snails collected in a paired,

stratified, field-sampling scheme ~{ithin the same station boundaries.

Consec{uently, nonrandom dip netting ~{asadopted for bimonthly collec-

tions from the tl.vostations. After collection, snails ~vereplaced in

insulated containers and immediately transported to the laboratory.

Llaximum diameters ]veremeasured by gently rotating each snail

around the axis of its spire ~uithin a standard micrometer caliper.

Sampling ~(as limited to adult snails (those ~~ithmaximum outer

diameter greater than S mm and dry v~eig,htgreater than 0.01 g) beta’.lse

yoLlng snails sho~~edmuch higher, more variable, a~ldmore size–



dependent OZ consumption rates c~’enwhen expressed on a ~~eight spe-

cific basis. ({\more-detailed discussion of the size facto~ will be

presented later in this paper.)

A pair of Gilson’ differential respirometers (F.lodel#GRP20)

used to measure the oxygen consumption of the snails immediately

was

after

bringing them to the lab. One of the respirometers was initially set

at the collection temperature of surface water at the Cold Station;

the other was similarly set at the \Varm Station surface temperature.

Such temperatures were generally within f2°C of the water temperature

at the time and location of collection of experimental animals.

Twenty snails were randomly selected from each station’s sample.

The Cold Station subsample frequently incorporated both species. The

relative number from each species varied between samples. Except on

two or three occasions involving one or two individuals, the \\’arm

Station samples consisted only of H, trivo2vis.

The snails were individually placed in 15-mL-capacity reaction

flasks containing 5 mL of autoclave sand and 8 mL of centrifuged

pond water. Although some snails tended to burrow more than others,

no significant difference between Oz consumption in the presence or

absence of sand could be demonstrated in preliminary tests (P > 0.05)

and the incubation of sand alone caused no measurable Oz consumption

either. One ml of 20~bKO[lwas placed in the side arm of each flask

to absorb the C02 generated. Snails from the tl;ostations i:ere

equally divided between the respirometers at the two field tempera-

tures. The respirorneter chambers were left open to the atmosphere

* N!anufactured by Gilson }Iedical Electronics Inc., P.O. Box 27,
Nliddleton, IVI 53562.



~~’hj.lebeing shaken in a ~~ater bath for an hour of equilibration.

~ollo~~ing equilibration, the chambers ~,~eresealed off from the atmos-

phere, and the first half-hour measurement inter~:al \{asbegun.

Special experiments l~ereperformed to evaluate the influence of

acclimation on respiration and the influence of acute temperature

depressions on respiration. The former experi.rnentsdeviated from the

routine procedure: Elalfof the \\’armStation and Cold Station samples

~~ere collected in advance and acclimated in the lab for 48 hours at a

constant temperature near that of the habitat. ;Idditi.onalsnails 1~’ere

collected and acclimated for 48 hours at 5°C and 10°C above ambient.

Subsequently, the oxygen consumption of the acclii~ated anim:lls :llon:

~~’iththat of the nonacclimated snails (collected immediately before

performing the experiment) ~~’asmeasured by the usual procedure.

Experiments evaluating temperature depression responses ~(ere also

performed. Temperatures ~{ere lo~~ered from the field temperature ancl

the respiration ~{asmeasured at 5°C decrements.

Calculations of oxygen consumption follo~ted instructions in the

manufacturer’s operation manual for the Gilson respirometer and in

Umbreit, Burris, and Stauffer (1957). The final Oz consumption rates

~~’erereported in microliters of oxygen per gram of total dry ~tieightof

snail per hour. Replicate measurements for each individual T;ere

averagecl giving a single estimate of 02 consumption for each organism.

Subsequently, the means of these avera::es for indi~riduals at each

temperature ~{creused to sho~~’:



1) the dependence of 02 ~oi~s{lii~pti(>non field temperature

as it varies seasonally; and

2) the effect of acute temperature elevations on the 02

consumption-temperature relation expressed in 1) above.

RESULTS

Metabolic Rates

The 02 consumption of t~~’osPe~ies of Heliso??s follnclin tlio

temperature environments of the same lake has been measured at a

series of field temperatures during an annual cycle. Figure 2 s~l~:‘la-

rizes these measurements and the daily integral field temperatures

for several intervals during the experimental period. The 02 con-

sumption for both species consistently decreased betl$een Octobel- ~~nd

.April, the ~~’interseason. The oxygen consumption for both speci.i,s

tended to follo~i the field temperature. [{elative rates for speciof

and station differed by season (Table 1). H. azceps had the highest

average rate in summer but the lo~iest rate in ~tiinter. IfarmStatiOj~.

Y. trivoluis had the highest rate in ~rinter, but in summer its ox>-:~en

consumption ~$asnot significantly different from that of H. ant<::.

On an annual average rate basis, ]iarm Station H. trivoZuis had ~.

significantly higher oxygen consllmptior~than the tlt’opopulations of

Cold Station snails which could not be distinguished statistical:.

from one another.

;ihenthe abolre sets of 02 consumption-rate estimates liere pl~ltted

against the field temperatures at ~~hich they ~!’eremade, inters~~~~~~ic



differences bet~,’eenregression lines describing the seasonal data

became apparent (Figure 3a). The slope of the linear rcgressiol\ line

plot for log Oz cons~lmption vs. tempera.ture ~;as0.0159 for l~arm

Station H. tFivolVis, 0.0121 for Cold Station H. trivglvis, and 0.0291

for Cold Station H. anceps. For both species and stations, these

slopes ~~ere significantly different from zero (P < 0.025), El-en~rhen

the t]~ospecies originated from the same station, the slope \fas sig-

nificantly greater for fi.anceps than for H. trigolvis. (P < 0.010

for

vs.

t\$’o

H. a?lceps vs. Iqarm Station R t~iuclvis and
,.

Cold Station H. t~’ivolvis.) No difference

populations of H. tirivoluis~vas evident (p

P. < 0.025 for .P.anc~;>s

t}et~oeenthe slopes for the

2 0.70). Correl:ttion

coefficients for the three sets of data in Figure 3a itere

1OI(but highl;: significant (P = 0.0005, P = 0.0005, and p

EVld~nCe for seasonal acclimatization ~jasfound iIlthe diff[~r~i)t

02 consumption rates observed at the same field temperatures at dif-

ferent times of the year. For example, Table 2 compares some data

excerpted from Figure 5a in ~vhich 02 consumption \vasmeasured at the

same temperature during a different season. Oxygen consumption Iuas

lo}ierby a factor of 1.2 to 2.3 at the “beginning of the ~tiinterand

summer seasons than

The dependence

at the end of the slsasons.

of oxygen consumption on body size

detected by significant regressions (Tal~le3) in fe~,rer

the runs (38% for liarm Station H, cluceps, 47% for Cold

H. trivolvis, and 48% for ViarmStation H. trivoZvis).

could be

than one-half

Stat ion



To see if the elimj.nation of size as a source of variation in

the rate-temperature anal>-ses affected the resulting regressions, a

comparison of t~(omethods of deriving values for the rate-temperature

regressions l;asmade. The first method, ~ihich has already been de-

scribed, }~rillbe referred to as the N!eansfilethod,because the average

OZ consumption rates for the entire sample, irrespective of size,

~irereincorporated into the regression. The second method (lteight

Regression Nlethod) derives its Oz consumption v~lues for the rate-

temperature regression from 02 consumption I(eight regression at

specific temperatures.* Only in experiments Itrhi.chprorluced signifi-

cant (P < 0.05) slopes, liere ~~’eightregression results used

(Table 3).

Oxygen consumption ~;ei,ghtregressions ~<ercobtained for ti~o

specific li’eights: a small snail (30 mg) and an aterage size snail

(62 mg). A least-squares prediction for respiration of snails of

these t~io sizes at a given temperature ~~asmade from the Oz consump-

tion regressions. These predicted rates ~fereplotted against

temperature in Figure 4. Table 3 compares the curves derived by

\Veight Regression Llethod (Figure 4) with those derived by the Nleans

Nlethod (Figure 3a).

At field temperatures, the rate-temperature curves derived by

the ~(eight Regression L.fethodat 62 mg are not significantl)- different

from the rate-temperature cur~’es derived by the Fleans klcthod [rl’ahlc:;).

The correlation coefficients are like~~isenot improved. ‘rhL15,thC

scatter in Figure 3a is not appreciably reduced by examining only tl]e

—
* {\eights used in calculating all values are }ihole body dry tveights.



average-size (62 mg) orqani.s[ll.Even among the small animals (310IP.S),

the slopes and the predictability of the equations do not change.

Acute temperature elevation experiments revealed different

patterns of response for the t~iospecies of snails. The R-T curves

for H. trivoZv{s shoiiedprogressively greater clock~(ise rotation [Jith

increasing Ar, ~vherea.sthose for H. aneeps remained statistical)”

identical belo~~ 15°C AT (Figure 3). Because of the reduced number of

survivors at these temperature elevations, the exact shapes of the

R-T cur~res for AT = 15°C are in question, but there is no doubt that

their slopes are negative. Both species of He~iso,maexhibited high

mortality at ATIS of 1.5°C,and the survival of E. ance;~s k,raspOOLUr

than that of H. trivolvis. Slopes of R-T curves for H. aneeps clidnot

differ significantly bettieen stations for any temperature elevation

belo~i 15°C.

Both H. uneeps a;ldH. tl’ivoZvis sholtvariable temperature coef-

ficients (QIO) \+rhichare smaller than the value of 2 commonly reported

in the literature. The averuge annual Qlo bet~oeen field and 5°C above

field temperature ~{ere 1.02 iO.14, 1.50 fO.36, and 1.52 io.16 for

i?.anceps, \Va~m Station H. ‘L17i7Jolvis,and Cold Station H. tyivo~vi,~,

respectively. The coefficients of variation among individuals for a

Siverl temperat~lre ranged hett:een 295% and 14~b. T’ne temperature co-

efficients ~uere even smalle-l’For the lCIOC than for .5°C elevatiol]s. In

r}any cases the values reflected decreases in respiration.

In several special experiments,~ve tested the differences beti(eel~

[{-Tcurves generated from acclimated vs. nonacclimated (field acclim:;-



ti.=ed) snails. Temperature coefficients, QIO, comp~lted for the

three dates, are presented in Table 5. In all cases for l~oth species

and both stations, acclimated snails gave QIO of al~lost do~lble those

for nonaccliinated equivalents. A closer examination of the data

indicates that lo~~temperature rates !(ere lo}~’erfor accli.]llztedthan

for nonacclimated animals and high temperat~lre rates ~,rerehigher.

DISCUSSION AND CONCLUSIO!IS

In general, our data support the idea thut the exclusion of

H. c?;c?epsfrom

eratures. “1he

similar at t!le

cati~ns are that if H. c:ace~s l~ere living at

\~oLlldilavea higher metabolic demand than H.

Using the it-Tcurve for P. cfleaps (Figure 3)

te~lperaturc at the Ifarm Station, the average

the lfarm Station it

ti~’i~olvisresident there.

and the obse~ved average

annual 02 consumption

for H. cflcQps;~ould be predicted to be 362 PL Op per gram per hour

as compared ~~ith 341 PL for H. t~ivozvi.s (Table 2). The general

pattern of response to temperature appears to be much sharper and

more rigid for H. anceps than for H. trivol?~is. Not only is the R-T

curve insensitive to acute temperature elevations (Figure 3) , but

acclimatization (Table 2) account~ for relative}’ smaller differences

for :].~nca;>sthan for i;. t~’~VoZv+s. H. ~~~~pfs metabolism tends to

follo[: field temperature more directly than that of ;{. ‘~’ZVLOIVis.Som<J

littoral aTe:Ls inhabited by these snails may fluctuate as !!]uchas

10”C during the course of a single day.. The ability to reduce oxy~cn



consumption clu~illgsuch excursions ~{o~[ldtend to conserve enerSj

reserves. [Inder COnd~t~olls ~Tl~OIVj.71~~lCL:tCA’r’SOf S“c ~lldabol”e,

H. tz’ioolu~sappears to reduce its metabolism to levels belo~tithose

at regular field temperatures. H. attca~)ssho~;sno suc?lmetabolic

adjustment and may be at a disadt’antage in any competition }fithH.

tx’ivolvis. \Vi.eser(1!173)discusses the possibility that respiratory

plateaus may be ~clated to limited supplies of silhstrates such as Fl[)?.

An examination of the energy charge (Flolm-f[:lnscnand Booth, 19CJ6)

condition of the two species of Helison(xin relation to temperature

would be instructive.

It is conventional to construct R-T curves from the results of

short-term experiments t;ith labor:ltory snails acclimated to con~tal)t

temperatures. This sort of experiment speaks to the question of

physiological potential but not to that of ecological response. I’llc

ecological questions relate to what happens in the natural system as

temperature changes seasonally and in cooling systems ~vith changes in

power plant operations. Since they reflect field conditions, the

graphs in Figure 3 arc ecological R-T c:urves. Sheanon and Trama (1972)

using H. trivol.visfrom the Raritan River, Ne~iJersey, presented phy-

siological R-T curves for laboratory–held animals acclimated 24 hoLlrs.

After converting tflei.rdata to a total weight basis (using their

figure of 2S0,for tissue ~~eight as a f:raction of total), the relatiol~-

ship for log Oz conslltnptionbecame log R = 0.032°t + 1.!146;~hich

appears to be steeper than our ecological R-T curves. The clifferen~’c’

evidently lies in the fact that acclirilatedsnails ter~d to gi~~e



steeper responses. ‘rC~])C~atLlre coefficients computed for data

d~rived from the Sheailon-r[’ramacl]rve are 1.75 times as great as tl]e

temperature coefficients determined similarly from our R-T curve.

Close agreement

distinguish the

the average QIO

l;asobtained from the special experiments set up to

effects of acclimation (Table 5). lYecalculated that

for acclimated (;oldSto.tionH. tr{volv{s is 1.7 times

t?~eQIO for nona-cclimated animals.

The failure to consistcntl)- cletect the expected inverse relatiol’i

of oxygen consumption to body size is unexplained. Data ~{ere esaminc~~

to determine whether significant regressions appeared to be associated

~~ith ~tiiclerranges of body size, to particular patterns of thermal

history, to the occurrence of locomotor activity or to the specific

ranges of temperatures employed. None of these factors appeared to

account for the observed variabilit}r }irhichover~fhelmed the size effect.

As described earlier, the trends in R-T curves remained unchang~d fol-

small and average sized animals. Therefore, we believe the trends

fairly represent the responses of the experimental snails.

Our data show that the H. t.PivoZvi.spopulation in the ~tarm arm

would experience the increase in metabcllic requirement conjectured to

be one outcome of the exposure of ectot.hermit organisms to thermal

effl~lents. Assuming that okygen consumption reflects metabolic dcm::!~:,

and that the entire population was expclsed to the hyperthermal

effluent, H. ~~.~~)~z~{s~~ould require about 20”.more energy to maint:lin

itself at the }iTarmStation than under ambient conditions (Table 1).

The segment of the total population act.uall}’subjected t.osuch a



mctflbolic increase i.nthe \l:lrIfi:IYPIis difficult to est imate bec:~IIsc

the thermal plume is vari:lble in h3rizont:ll e.xtcnt and the pop~lIL:-

tion is mobile and patchy. Intercstinj~Iy, l$ood (1976) co~lld not

clcmo~lstrateany consistent differences in gro~:th rate for Ii. t~’?;voz~)i;;

bet~:een therli~aland nonthermal sites. Neither he nor i~ecould dcmo;~-

strate a significant difference in standing crop bet~~’eenareas. l].

tY’i7)9T3is may be able to avoid the the]:mal plume to soTneextent by

behavioral responses and can, as \;ehave dcrnonstrated, regulate this

physiological response to exposure to elevated temperatures, but the

overall impression is that it does exp+riencc some metabolic increase

~~hichm~lst be offset by compensatory increases in total energy intake

and utilization.
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IABLE 3

P. tl’i:)~zl)is 1s.5

iiarnlSt2t:L011 ]g.o

2~.5

24.0

27.5

29.0

29.8

30.0

30.5

32.5

33.5

34.8

35.0

~
1. . c:nc:cps 14.0

Cold Station 27.0

29.0

30.0

30.0

a trivolvis 17.5...

Cold Statj.o]l 23.0

26.5

28.0

!)

10

10

10

10

10

9

1()

10

10

10

1(1

lo

5

8

6

7

9

6

6

10

4

i 29.5 6

30.0 3

30.0 9

i
i ~[. Significant at P = 0.05.

I
/ j. Significant at P = 0.01

cggJfi~i~;v~~

_o.713~~

-0.8693b

-0.6302a

-0.6621a

-0.7218a

-0.8831
b

-0.8985b

-0.7009G

-0.6617a

-0.7243?

-0.7884b
...

-0.6478U

-0.7219a

-0.9296a

-o.7303a

-0.8290a

-o.8479a

-0.7718a

-0.8872a

-0.9168a

-0.8723b

-o.8655a

-o.9216~

-0.9992a

-o.8630a

-0.2546U

-0.5793(Z

-0.4778G

-o.5350b

-0.5641b

-0.3646a

-o.4720a

-o.7191a

-0.4258b

-0.2315a

-0.4634a

-1.6794a

-o.4866a

-0.6201a

-0.4609a

-0.5874a

-o.5017a

-0.4803b

-o.5359b

-0.7069a

-0.6781b

-0.2789Q

-0.4241a

3.~77~

3.1811

3.54s1

3.S268

3.792~1

z.()~.~1

3.18is

1
( 0[11}-l.esllltsgiving S1O]>I’Ssignificantly diffc-t-cntfrom zero h:ive

[ “~. t>cen jncltlded.
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TABLE 4

Comparison of Two Methods of Deriving Metabolism-Temperature Relations

[deans j{~etho~ kleiq?zt Req?ession filethod

Ter7][]. Te/~~1. Tl,;o-YGil.e<~Tests

ZLGtiioY~Species .~~nge slope Ixtereept Range slope Intercept b (iJ” 1’

tj.i~’ol~li,? ls.o- 0.015!) 2,0896 18.5- 0,0140 2.1.593
;:(1rnl ~1. 0.4896 25 >0.5

35.0°c to.0039 35.O”C

“,

cold II.tl’ivolvi:~ 13.(l- 0.0121 2.1367 17.5- 0.0143 2.1057 0.4702 16 >0.5

30.0°c fo.oo29 30.0°c

Cold H. aneeps 13.0- 0.0291 1.7209 14.0- 0.0270 1.7270 0.3441 12 ~o.s

So.o”c ~0.0078 30.O”C
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FIGURE 1. Par Pond, Sho\ving Srlai”lDistribution, Theri~lalRegior!s,
and Sampling Stations

FIGURE 2. Field Temperature and Oxygen Consumption Cycles for
[Ielisomafrom Par Pond

FIGURE 3. Dependence of Respiration on Temperature in
];eZZsoma(Means }Iethod)
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